Folic acid was added to the diet as a simple means to increase serum folates in gestating sows. At weaning, 95 multiparous sows were randomly assigned to five treatments. Of these sows, 67 farrowed and were used for this trial. Three supplementation levels of folic acid added to a commercial diet at 3, 9 and 27 mg per kg were studied. A commercial diet without any supplementation of folic acid was used as a control treatment. A fifth treatment consisted of eight im injections of 15 mg of folic acid each, according to a predetermined schedule that was previously effective in improving the reproductive performance of sows when combined with flushing. Each sow was kept in an individual cage and received 2 kg of feed daily. Serum folates were measured at weaning, mating and on d 14, 28, 42 and 56 after mating. The time-response curve of serum folates in sows injected with folic acid was higher than that of sows fed the unsupplemented diet (P = .057). Adding folic acid to diet may be as efficient as folic acid injections to elevate serum folates when compared with sows fed the control diet. The mean supplementary level of folic acid sufficient to maintain the serum folate concentration at approximately the same levels as those observed in sows injected with folic acid was estimated to be near 4.3 mg per kg of feed.
Introduction
Folic acid plays an important role in the synthesis of RNA and DNA (Huennekens, 1968) ; consequently, it is required in processes implying rapid cellular division, such as hematopoiesis and gestation. Intramuscular injections of folic acid in gestating sows combined with flushing improved litter size at birth (Matte et al., 1984b) . Therefore, at high levels of reproductive performance, folic acid supplementation appears necessary. 2The authors acknowledge the collaboration and assistance of P. Gagnon and R. Veilleux of La Ferme Olympique Enr., St-Pierre de Broughton, Quebec. S D~pt. de Zootechnie and Centre de Recherche en Nutrition, Universit~ Laval.
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Received January 2, 1986. Accepted May 28, 1986. Intramuscular injections of folic acid are an efficient way to improve folate status in animals, but this procedure is tedious and impractical. Adding folic acid directly to the diet would be an easier method of supplementation. However, little information was found about the relation between dietary intake of folic acid and folate status in gestating swine.
In pregnaiat rats, there is a significant positive correlation between dietary intake of folic acid and blood plasma, whole blood or liver folacin, when the animals receive casein-based diets containing 0, .5, 3 or 20 mg of folic acid per kg from 25 d before breeding to the end of gestation (Tigner and Roe, 1978) . In the pregnant Squirrel monkey, blood folate levels are improved by the addition of folic acid to the drinking water (Rasmussen et al., 1980) . The present research was undertaken to determine if it would be possible to maintain a high level of serum folates in sows between weaning and d 56 of gestation by an addition of folic acid to diet. The second purpose was to determine the supplementary level of folic acid necessary to maintain the serum folate concentration at levels similar to those observed in sows injected with folic acid. 
Materials and Methods
Animals. At weaning, 95 multiparous sows, weighing on average 186.8 kg (C.V. = 12.6), were randomly assigned to five treatments (described later). They were mated within 7 d after weaning. Sows showing behavioral estrus after d 7 post-weaning were discarded to reduce serum folate variations between individuals within groups (Matte et al., 1984b) . Pregnancy was verified by ultrasonic examination at 30 and 45 + 7 d post-mating. Of the 95 sows originally selected, 67 farrowed and were used for this trial; this resulted in an unbalanced distribution among groups. Of these sows, 29 were Yorkshire, 28 Landrace and 10 crossbred; they were uniformly distributed between Spteroylglutamie acid, CtgHxgN~O6, molecular weight = 441.40, 101725, ICN Canada Ltd., Montr6al, Quebec.
treatments. All animals were housed in individual gestation cages fitted on slatted floor in a commercial unit where a 14-h light, 10-h dark cycle was followed. Each sow received 2 kg of feed once a day between 0630 and 0700. Fresh water was provided ad libitum.
Treatments. Folic acid s (monoglutamate) was added to a commercial diet (table 1) computed to meet the requirements of gestating swine (NRC, 1979) . Folic acid was added to this diet at three levels: 3, 9 and 27 mg/kg. The proper amount of vitamin was first mixed in a mortar with a small amount of wheat starch; more starch was gradually added to make up a final premix of 2.5 kg, and thorough mixing was accomplished in a V-shape 3-kg "capacity mixer. The micro-premix was incorporated into the macro-premix part of the diet (table 1) . The macro-premix was added at the time of mixing each 500-kg batch of feed.
The control diet was obtained by adding 2.5 kg of wheat starch to each 500-kg batch of diet. Fresh batches of feed were prepared about every 4 wk. The fifth treatment consisted of eight im injections of 15 mg folic acid administered as a parenteral solution 6 containing 5 mg folic acid/ml. One injection of folic acid was administered at each of the following time periods: day of weaning, first day of behavioral estrus, weekly during the first 4 wk of gestation and every fortnight for the following 4 wk. This injection schedule was chosen on the basis of previous work (Matte et al., 1984b) in an attempt to maintain serum folates at approximately the same level between weaning and 60 d of gest~ttion. The trial was scheduled to end 56 d post-mating based on the observation that serum folates decrease between weaning and d 60 of gestation and tend to increase thereafter (Matte et al., 1984a ).
Blood Sampling. Blood samples were taken by jugular venipuncture between 0900 and 1100 at weaning, mating and at 14, 28, 42 and 56 d after mating. In sows injected with folic acid, the injections followed blood sampling. Blood was allowed to clot at room temperature for approximately 2 h. Then, serum was separated by centrifugation at 1,510 x g for 15 minutes, transferred into polypropylene tubes coated with ascorbic acid and stored at --20 C.
Serum Folates Determination. Serum folates
were measured in duplicate using a radioassay procedure based on Waxman and Schreiber (1973) and Dunn and Foster (1973) . A 7% human albumin solution was used as zero folate standard. Serum was first diluted 1:10 with this solution, and analyses were performed using the Bio-Rad Quantaphase Folate Kit 7 and a gamma counter s. The count of the folate standards were expressed as B/Bo 9 plotted on a threecycle log-logit paper to obtain a straight standard curve.
Statistical Analysis. Previous work in this
laboratory showed large variations in serum folates within sows at weaning (Matte et al., 1984a,b) . To adjust serum folate concentrations (YiJ) for differences in sets of values of corresponding concentrations at weaning (Xij), a covariance analysis was used (Steel and Torrie, 1980) : Yii corrected = YiJ -/3 (Xij -X..), where/3 is the regression coefficient of YiJ on Xii. Adjusted serum folate data were analyzed as a split-block in time design with repeated measurements (Rowell and Waiters, 1976) of serum folates at various sampling times up to 56 d of gestation. Data were subjected to an analysis of variance using GLM and regression procedures of the Statistical Analysis System (Freund and Littell, 1981) .
Results
Adding folic acid to the basal diet elevated serum folates between weaning and the d 56 of gestation as compared with control (figure 1). Between weaning and mating, serum folates increased markedly for all treatments including control. This increase was more pronounced when folic acid was added to the diet. In sows fed the unsupplemented diet, serum folate level increased by a factor of 22% during this period, whereas in sows fed diets supplemented with 3, 9 or 27 mg per kg of feed, in increased by a factor of 53, 61 and 61%, respectively.
From mating to the d 56 of gestation serum folates decreased by 34, 37, 37 and 28% for sows fed the unsupplemented diet and sows fed diets supplemented with 3, 9 and 27 mg of folic acid per kg of feed, respectively (figure 1). These decreases were explained by significant linear, quadratic and cubic effects of time period of gestation (P=.0001).
The general pattern of the time-response curves for serum folates were similar for all treatments including control (figure 1); but sows fed a diet suppiemented with folic acid had higher serum folate concentrations than control sows, regardless of the time-period studied (figure 1). Both the linear and quadratic effects of adding 0 to 27 mg folic acid per kg of diet were statistically significant (figure 1). Best fitting curves presented in figure 1 were obtained with the following regression equation: Y = 83.4089 + 2.0197X-.0529 X 2 -2.0573 T + .0577 T 2 --.00057 T 3; r 2 = .91, P=.047, where Y = serum folates (ng/ml), X = supplementary level of folic acid in diet (mg/kg) and T = time-period of gestation (0 to 56 d).
Between weaning and mating, serum folate levels increased in all sows irrespective of treatment (figure 1). During the first 56 d of gestation, serum folates in injected sows decreased but remained higher (P=.057) than in controls. Adding folic acid to the diet may be as efficient as folic acid injections to elevate serum folates when compared with a control. Based on figure 1 and the preceeding regression equation, we estimated the dietary supplementary levels of folic acid needed to simulate serum folate concentrations of sows injected intramuscularly with folic acid (table 2) . These levels varied between 1 and 7.6 mg per kg of diet, with an average of 4.3 mg/kg.
Discussion
The levels of serum folates observed in control sows (figure 1) were similar to those previously reported (Matte et al., 1984a) , exept for mean values at weaning. In the present study, serum folates in control sows increased from 61.5-to 75.0 ng/ml between weaning and mating, whereas in previous work, serum folates decreased from 99.5 to 68.5 ng/ml during the same period (Matte et al., 1984a) . At mating, serum folates levels were nearly the same in the present and previous trials (Matte et al., 1984a) ; consequently divergences were marked principally at weaning. In addition, in previous work (Matte et aI., 1984a) , serum folates decreased by a factor of 33% between 30 and 60 d of gestation, whereas in present work, it decreased by a factor of 16% during the same period. The reason for such differences between the present and previous trials is not obvious. A possible explanation might be that sows used in these trials were genetically different; sows used by Matte et al. (1984a,b) were all Yorkshire • Landrace crossbred, while we used purebred Yorkshire and Landrace and crossbred Yorkshire • Landrace, Yorkshire x Hampshire or F 1 sows uniformly distributed among treatments. Furthermore, there were some differences in the experimental design. Firstly, Matte et al. (1984a) fed their animals in groups, whereas our sows were kept and fed individually. Secondly, Matte et al. (1984a) used 15 different sows at each time period of the reproductive cycle, whereas we used the same sows throughout the experiment. There were also slight differences in the radioassay techniques used in these trials. Nevertheless, an increase in serum folates between weaning and mating would appear more logical than a decrease. Indeed, at the end of the lactation period, serum folates, a reliable indicator of the nutritional status of fotic acid (Matte et al., 1984a) could be expected to be at the lowest point followed by an elevation in view of the impending gestation. Further work in progress should clarify this point.
In the present work, serum folates were at highest levels at the beginning of gestation. The schedule of folic acid injections followed was successful in maintaining serum folates at higher levels in treated sows than in controls between 0 and 56 d of gestation (P=.057), but not at the high levels previously reported (Matte et al., 1984b) . Adding pteroylglutamic acid (folio acid or PteGlu) to the diet at levels between 0 and 27 mg per kg of feed increased serum folates according to a quadratic pattern (figure 1). Consequently, folic acid as used in this trial would be effectively absorbed. Under regular feeding conditions dietary folates are derived mainly from four forms of reduced monoglutamates: tetrahydropteroylglutamate (H4PteGlu), 5-formyltetrahydropteroylglutamate (5-CHOHaPteGIu), lO-formyltetrahydropteroylglutamate (10-CHOHaPteGlu) and 5-methyltetrahydropteroylglutamate (5-CH3 H4PteGlu). These derivatives are usually attached to several glutamyl residues. All these compounds are less stable than pteroylglutamate (O'Broin et al., 1975) . Pteroylglutamate is considered to be stable (Wagner, 1984) , with a nutritional stability lasting for several weeks (O'Broin et al., 1975) . For that reason we used a purified form of folic acid even though it is not found as such in feedstuffs.
In the rat and human, folates are absorbed preferentially in the proximal part of the jejunum (Coleman et al., 1979; Halsted, 1980) by either passive diffusion at high concentration, or through an active process at usual physiological concentrations (Russell et al., 1979) . Folate-binding proteins have been isolated in the brush border membrane of the small intestine in swine (Elsborg et al., 1980) . Pteroylglutamate would attach to these proteins to be absorbed by the intestinal epithelial cells. There, folic acid may be reduced in the presence of dihydrofolate reductase, methylated or formylated. These reactions could also occur in the liver (Perry and Chanarin, 1970; Valencia, 1974) and folic acid would appear in blood principally as 5-CH3H4PteGlu. The progressive saturation of the active absorption process of folic acid could be an explanation for the quadratic pattern of the response curves of serum folates to the increasing levels of supplementary folic acid observed in our experiment (figure 1).
The purpose of the present work was to mimic, by addition of folic acid to the diet, the time-response curve of serum folates observed in sows intramuscularly injected with folic acid. The supplementary level of folic acid needed to obtain such a response curve was estimated to be near 4.3 mg per kg of feed. Additional research is needed to determine if, and under what conditions, an addition of this level of folic acid to the diet would improve the reproductive performance of sows.
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